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Abstract 
The benefits of integrated asset modelling (IAM) have been widely recognized but it is still not commonly used 
during field development planning. This is due to the long time that a simulation of an integrated model normally 
requires. Most literature seems to agree that IAM is a compiling tool for production prediction and sensitivity 
studies. Few studies of the impacts of surface facilities on profit and hence the potential impacts of neglecting IAM 
have been conducted. The aim of this study was to investigate the impacts of wellbore and surface facility 
constraints when they are applied to a subsurface model. A model based on the Wytch Farm geological model with 
some modified fluid properties was used. The field development plan was first constructed in reservoir simulator 
based on waterflooding to ensure voidage replacement. Different wellbore and surface facility constraints were 
then applied to the subsurface model. These constraints were assumed to be constant in time as it was not 
possible to build and simulate an associated wellbore and surface facility model. Changes in field pressure, oil 
cumulative and Net Present Value (NPV) were studied. This study shows that changes in constraints can 
significantly affect NPV. Although it is common practice to examine such constraints during field development, it is 
unusual to include their affects through integrated field modelling. Given the likely interactions between the 
subsurface and the surface pipelines and facilities whole asset model integration is worth considering. 
Introduction 
In a phased development of a petroleum field, it is usual to base performance assessments on standalone 
simulations of the subsurface and the surface facilities. However, Zapata et al. (2001) indicated that production 
prediction based on a standalone reservoir simulation can be inaccurate if surface constraint effects are neglected 
during production. 
 
In order to gain a better understanding and higher accuracy of production prediction, Integrated Asset Model (IAM) 
has been introduced as a concept to combine all factors influencing field performance (reservoir, wellbore and 
surface network models) altogether. There are different commercial tools that have been invented such as Avocet 
Integrated Asset Modeller from Schlumberger, Nexus® and AssetConnect™ from Halliburton and RESOLVE from 
Petroleum Experts. In this study, IAM refers to the concept of whole asset model integration which is distinct from 
the Avocet IAM product.  
 
The results from Alvarez et al. (2009) shows that a liquid production trend calculated from a standalone model 
provides an optimistic result because minimum bottom hole pressures were applied to the standalone model which 
they were calculated dynamically on the IAM. Tesaker et al. (2008) explained that IAM is an asset management 
tool which comprises the reservoir model, the well model and surface facility model which are coupled at coupling 
points, each passing on the conditions at the coupling point as a new boundary condition for the next model. This 
study also shows that IAM can be used to identify bottlenecks and optimize the production and injection schedule 
in order to maximize the Net Present Value (NPV) of the asset. Wickens (2006) described that a specific function 
of the IAM is to automatically capture the output from subsurface reservoir simulation models and combine it with 
facility network models into a single spreadsheet model. Also, this model includes probabilistic prediction which 
facilitates estimation of the impact of uncertainties and links this to decision risk analysis software. The advantages 
of IAM were also confirmed by Downie et al. (2011). The IAM was used to investigate various development cases 
and optimize the economics of the development. 
 
Despite the benefits of IAM, it is currently difficult to model all factors influencing a production performance. Linking 
all individual numerical models is sometimes impractical because it depends on the processing time and computer 
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the time required by a standalone model to run. In order to be able to run an IAM faster, a detailed model has to be 
simplified so that it can be simulated quickly in combination with models of the other parts of the whole field 
system. The simplified reservoir model (SRM) should take a short time to converge and provide a reasonable 
output as inputs for other models. However, sometimes a simplified model may not provide an output consistent 
with an unsimplified one. Hence, the model has to be re-simplified and re-run. Example of time reduction is given 
by Tesaker et al. (2008) whose simplified reservoir model run times could be reduced to three minutes. However, 
he also showed that applying random geological realizations to the simplified reservoir model in the history 
matching process in order to choose the best-ranked simplified reservoir model was still limited by current 
computer performance. 
 
The purpose of this study is to evaluate the potential impact of the wellbore and surface models on field 
performance and thus determine whether further development of integrated asset modelling is worth-while. First, a 
field development plan of a synthetic reservoir was constructed.  Various factors influencing the field performance 
were then studied in order to examine how different factors outside the reservoir (water injection constraints, fluid 
flow constraints and surface facility constraints) alter cumulative production and to estimate their possible impact 
on NPV, which directly affects field profit. 
Method 
The model field used in this study was based on the subsurface geology of the Wytch Farm model as this was 
readily available from the MSc group project. The fluid and reservoir properties were modified in order to increase 
the sensitivity of field performance to reservoir pressure. For example, if there is any problem with injection, field 
pressure falls below bubble point pressure. This can lead to various issues, for example, gas producing in the 
reservoir, or perhaps difficulty in drilling further wells. The initial field pressure was set to be slightly above its 
bubble point pressure. The bubble point pressure of this field was modified by calculating from the normal 
hydrostatic pressure gradient (Schlumberger, 2011) (0.433 psi/ft); therefore, the bubble point pressure is 157 bars 
at the datum depth. The initial pressure was then set to be 161 bars. The normal reservoir pressure gradient was 
applied for the purpose of imitating a field without drilling issues. 
 
 A field development plan was then planned by sequential drilling schedule to ramp up production over time by 
water injection and voidage replacement scheme. After the base case development plan was developed, the 
factors influencing the field performance (water injection constraints, fluid flow constraints and surface facility 
constraints) based on the criteria for offshore operation, were applied to the base case plan in order to investigate 
the effects of those factors on production and net present value (NPV) of this development plan.  
 
The Eclipse 100, one of standalone subsurface simulators, was used throughout this study. In this study, it was not 
able to model or import surface facility models in this simulator. The wellbore, pipeline and surface facility 
constraints were represented by well constraints.   
Model data  
The characteristics of the chosen model are as follows.  
1. Geological model:  From a geological aspect, there are three main facies; Lacustrine mudstones, Fluvial 
sandstones and Floodplain/overbank mudstones. The reservoir, Sherwood sandstone layer, was divided into 5 
zones; zone 1 – Lacustrine dominated facies, zone 2 – Single storey isolated channels, zone 3 – Multi-storey 
stacked channels, zone 4 – Flooding surface and zone 5 – Single storey isolated channels. There are five main 
faults which are mostly east-west oriented. The sealing potential of these faults is only located in the top of the 
reservoir.  The location of this field was assumed to be offshore because there are more constraints which had 
to be aware of. The main reservoir characteristics are shown in Table 1. 
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Figure 1 Wytch Farm reservoir model 
Table 1 Geological properties 
Properties  
Reservoir dimension, m 196006600 
Reservoir thickness, m 23 
Cells (IJK) 652040 (52000) 
Porosity,   
 Mean, mD 0.16 
 Standard deviation 0.04 
Horizontal permeability, kh  
 Mean, mD 105.83 
 Standard deviation 157.78 
Vertical permeability, kv  
 Mean, mD 61.25 
 Standard deviation 132.72 





2. Rock and fluid properties: As mentioned above, the initial pressure of this field was slightly above the bubble 
point pressure; therefore, gas was expected in some reservoir grid block because the BHP was allowed to 
drop below the bubble point pressure. All data are shown as follows. 
 
 
a.)                         b.) 
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Table 2 Fluid properties 
Fluid properties  
Datum depth, m 1525 




Compressibility factor (151-165 bar), 1/bar 1.4  10
-4
 
Bubble point pressure, bar 157 
Gas density at surface condition, kg/m
3
 1.12 
Oil density at surface condition, kg/m
3
 740 
Water density at surface condition, kg/m
3
 1140 




a.)                                                        b.) 
Figure 3 PVT properties used in the simulation studies reported in this paper a.)  Oil formation volume factor b.) Gas 
formation volume factor 
 
 
a.)                                     b.) 
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Figure 5 PVT properties used in the simulation studies reported in this paper Dissolved gas-oil ratio (Rs) 
Field development plan 
 
1. Base case plan: A water flood, voidage replacement program was set up on this plan. Wells were drilled at 
interval of three months because of only one available drilling rig as an economic constraint. A maximum 
allowable production rate for each producer (vertical well) is 2400 m
3
/day and the maximum allowable injection 
rate for each injector is 4000 m
3
/day. Injection and production rates were controlled by bottom hole flowing 
pressures. All production wells were limited with the minimum bottom hole flowing pressure (50 bars) and the 
fracture pressure of this field, 240 bars, was used as the maximum limit of the injection well bottom hole 
pressure. A water cut, 0.95, was applied to all production wells in accordance with typical efficiency of 
treatment and disposal equipment. The recovery factor was targeted to be above 30 percent (Markes, 2010) as 
this is a typical recovery factor from waterflooding operations. In practice was difficult to exceed this. For 
producers, the NPV of each well was checked that it is positive. For injectors, their necessities were confirmed 
because their absence would cause field pressure to drop below 159 bars which is almost below the bubble 
point pressure or even below the bubble point pressure in some cases. 
 
The possible factors influencing field performance, based on the criteria for offshore operation, were then 
applied to the base case. There are three categories of constraints: water injection constraints, fluid flow 
constraints and surface facility constraints. The range of variation was chosen from the typical value of that 
parameter.  
 
2. Variation from the base case  
 
2.1. Water injection constraints  
2.1.1. Inadequate injection water: this situation could occur due to equipment breakdown or storm season 
which lead to injector downtime. 90, 80 and 70 percent of annual injector downtime were studied. 
2.1.2. Water injection pump limitation: for water injection, it is necessary to obtain required flowrates with a 
sufficient pump head. In some circumstances, the flowrates have to be decreased due to high 
equipment cost or high power consumption to be able to maintain pump head. In this study, 
centrifugal pumps were chosen as injection pumps and the pump curves are shown in an Appendix 
B.  
2.1.3. Fracture pressure: the maximum pressure that injectors can inject water into this reservoir, from an 
abnormal high pressure gradient (Petroblogger, 2011) 100 psi/ 100 ft, is 4875 psi (336 bars) at the 
depth of testing (1486 m). However, a Wytch Farm field report shows that the tested fracture 
pressure of this reservoir is 240 bars at the depth of testing. The fracture pressure at the datum 
depth could be higher but the maximum pressure was set to be 240 bars, at datum depth in this 
study. 
 
2.2. Fluid flow constraints 
2.2.1. Skin factor (S): skin factor -2, 2, 5, 10 and 20 were set for all wells to observe its effect on production. 
It is assumed in this study that there is no effect of limited-entry completions, which can cause a very 
high skin factor up to 300. The possible range of skin factor (Gringarten, 2010) varies from -4 to 60. 
The skin factor was varied from 10 to 20 percent in this case. 
















Rs (gas-oil ratio) 





Where  ve =  erosional velocity, ft/s 
c  =  300 for liquid impinging on steel and erosion at 10 mm/year 
      =  density, lb/ft
3





Therefore, erosional velocity for this study is 6.49 ft/s (1.95 m/s)  
From the maximum production rate of base case, a minimum pipeline diameter that fluid can flow without 
erosion can be calculated and is shown in the results section. In some circumstances, a pipeline size might 
be smaller than this minimum diameter. In that case, production flowrate has to be decreased to keep fluid 
velocity to be lower than erosional velocity. In this study, when the minimum diameter of the base case 
was calculated, the size of the pipeline was then decreased. Hence, the allowable production rates were 
also lowered. These rates were then applied to investigate their impact. 
2.3. Surface facility constraints 
2.3.1. Separator capacity: it is possible in the real production that there is more produced water than 
predicted. This results in insufficient separator capacity. In this study, this situation was modelled by 
reducing the group production rates by 10, 20 and 30 percent. 
2.3.2. Water handling capacity: in case that the water handling equipment is insufficient, water production 
rate is then reduced. In this study, the water production rate for the whole field was reduced to be 90, 
80 and 70 percent of the base case water production rate. 
 
 
From each case, the sensitivity of NPV was also assessed. 
Net Present Value calculation 
 
1. Drilling cost for offshore vertical well is 100 million USD per well. 
 
2. Capital expenditures (CAPEX)-FPSO costs 
 
Table 3 CAPEX estimation for each production range 
Production rate (STB/day) 25000 50000 100000 150000 200000 250000 
Total CAPEX (USD million) 400 570 1000 1425 1875 2325 
 
From Table 3, CAPEX were plotted against Production rates and used for interpolation as shown in 
Appendix B. 
 
3. Operational expenditures (OPEX) 
3.1 Annual fixed OPEX 
Table 4 Annual fixed OPEX estimation for each production range 
Production rate (stb/day) 25000 50000 100000 150000 200000 250000 
Fixed OPEX (USD million/bbl) 35 50 80 100 125 140 
 
 
3.2 Annual variable OPEX 
Table 5 Annual variable OPEX estimation for each production range 
Production rate (stb/day) 25000 50000 100000 150000 200000 250000 
Variable OPEX (USD million/bbl) 1.25 1.1 0.85 0.7 0.6 0.5 
 
From Table 4 and Table 5, Annual OPEX were plotted against Production rates and used for interpolation 
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4. Economic parameters are shown in Table 6. 
 
Table 6 NPV calculation parameters for all cases (year of reference 2010) 
Oil price 94 USD/bbl 
Inflation rate 2% 
Discount rate 10% 
Tax liability 40% 
Results, discussion and recommendations 
Field development plan and NPV calculations 
Base Case Plan 
The field development plan was divided into 3 sections: east, north and south. Since the initial pressure was 161 
bars, which was slightly above bubble point pressure, peripheral injection began at the beginning of production to 
maintain reservoir pressure as well as enhancing production by supporting the aquifer and horizontal 
waterflooding. In eastern, northern and southern parts of the field, there were 7 producers/5 injectors, 8 
producers/3 injectors and 6 producers, respectively. The current development plan is the readjusted scheme. Any 
producer with a negative NPV was discarded. Any injector which did not contribute to maintaining the field 
pressure above 159 bars was removed. The drilling schedule and NPV of each well are shown in Table 7.  
 
Because the pay zone of this reservoir is rather thin, it may be possible to used horizontal wells to reduce the 
number of wells but this was not considered in this study. The expensive drilling cost of horizontal well may be 




Figure 6 Well position  
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Table 7 Drilling schedule of producers and injectors 







2011 East 1 (446) inj1 
 
East 2 (410) - 
 
East - inj2 
 
East 3 (326) - 
2012 East 4 (395) - 
 
East - inj3 
 
East - inj4 
 
East 5 (224) - 
2013 East - inj6 
 
East 6 (158) - 
 
East 7 (123) - 
 
North N1 (31) - 
2014 North - Ninj1 
 
North - Ninj2 
 
North N2 (310) - 
 
North N3 (407) - 
2015 North N4 (117) - 
 
North - Ninj3 
 
North N5 (121) - 
 
North N6 (108) - 
2016 North N7 (44) - 
 
North N8 (69) - 
 
South S1 (113) - 
 
South S2 (151) - 
2017 South S4 (36) - 
 
South S3 (77) - 
 
South S5 (29) - 
 
South S7 (37) - 
2018 South S8 (36) - 
 
South S9 (47) - 
 
South S6 (85) - 
 
 
From the field development plan as shown in Figure 7, the maximum reservoir production rate was 15000 m
3
/day. 
It was the same as the water injection rate. This rate was constant for three years before starting to decline. The oil 
production cumulative was 44.7 million sm
3
 and the recovery factor of this field was 31%. The minimum field 
pressure was around 160 bars. 
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a.)         b.) 
Figure 7 a.) production/injection rate and oil production cumulative  b.) recovery factor and field pressure for the base 
case 
From the base case plan, the following sensitivities were investigated. The oil cumulative production of each case 
is shown in Figure 9 
Variation cases 
1. Water injection constraints  
1.1. Inadequate injection water:  90, 80 and 70 percent of annual injector downtime was applied. 
1.2. Water injection pump limitation: according to the pump curve, each 16-stage pump provides 2400 
m
3
/day flowrate. Therefore, to achieve the maximum required water injection rate of 15000 m
3
/day, 6 
pumps are required. To mimic the scenario where the number of stages of pumps has to be reduced 
as mentioned before, flowrates had to be reduced in order to maintain the required pump head. 
Different flowrates were applied as follows; 2000, 1600, 1200 and 800 m
3
/day. These correspond to 
reduction of 20 to 70 percent. 
In both cases, when the water injection rate was reduced, oil cumulative production also decreased. 
Reducing the water injection rate caused the field pressure to drop significantly. Although the NPV of these 
cases decreased slightly, it is important to consider the water injection rate because fluid behaviour will be 
changed when the field pressure drops below the bubble point pressure. During production, it is necessary 
to prepare for changing surface equipment conditions if fluid behaviour changes. 
 
1.3. Fracture pressure: the maximum injection pressure for each well was greatly below the fracture 
pressure. Hence, no variation was applied to this case. Generally, this pressure constraint will also 
cause the reduction of the reservoir pressure as two previous cases. 
 
2. Fluid flow constraints  
2.1. Skin factor (S): skin factor -2, 2, 5, 10 and 20 were applied uniformly to all wells. In the real field, this 
factor is not the same for the whole field. Thus, this case overestimates actual impacts. The flow 
regime was assumed to be laminar flow. When this field starts producing, the flow regime can become 
non-Darcy flow and this could cause additional skin effect which was not considered. 
 
A high skin factor causes pressure loss. To maintain the reservoir pressure, injection water has to provide 
a higher pressure. This leads to a higher bottom hole pressure of injectors. In this study, it can be seen 
that the slightly higher skin factor, the rapidly lower production rate. When the skin factor was applied and 
the bottomhole pressure was limited at 240 bars, some injectors could not support enough pressure. 
Hence, reservoir pressure dropped drastically compared to the base case. For some period of time, 
injectors were later able to build up the pressure again for small skin factors but they were still not for high 
skin factor. On the other hand, negative skin factors from well stimulation allowed injection water to flow 


















Recovery factor 31 % 
 
Minimum field pressure 160 bar 
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Figure 8 Bottom hole pressure of an injector (inj 1) with skin factor 0 (base case), -2 (stimulated) and 20 (damaged) 
2.2. Pipeline size: To calculate the size of the pipeline that fluid has to flow at the erosional velocity in 
order to deliver a required rate, the maximum flowrate was used to calculate the extreme condition. 
The maximum flow rate of this field is 15000 m
3
/day and the erosional velocity is 1.95 m/s. 
From    𝑞 = 𝐴𝑟𝑒𝑎 ×  𝑣𝑒  










              𝐴𝑟𝑒𝑎 (𝐴)  =  0.09       𝑚2 
   Calculate pipeline diameter, 
      𝐴 = 𝜋𝑟2 
           0.089 = 𝜋𝑟2 
                   𝑟 = 0.17       𝑚 
        𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 0.34       𝑚  (13.3 𝑖𝑛𝑐ℎ𝑒𝑠) 
  Therefore, the minimum diameter of the pipeline to the gathering station is 13.3 inches. 
 
The pipeline diameter was set to be 12, 11 and 10 inches. From diameter of the pipe, the maximum 
flowrate can be calculated in the same way as the example for a 12-inch pipeline below. 
𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 12 𝑖𝑛𝑐ℎ𝑒𝑠 (0.31 𝑚)               
       𝑟 = 0.15    𝑚      
From    𝑞 = 𝐴𝑟𝑒𝑎 ×  𝑣𝑒  
                       𝑞 (
𝑚3
𝑠




           𝑞 (
𝑚3
𝑠




                  𝑞 =  0.14  
𝑚3
𝑠





The maximum production flowrate had to be changed to 12310 m
3
/ day instead. For 11 and 10 inches, the 




   




From    𝑞 = 𝐴𝑟𝑒𝑎 ×  𝑣𝑒 










             𝐴𝑟𝑒𝑎 = 0.00861        𝑚2 
   Calculate pipeline diameter, 
      𝐴 = 𝜋𝑟2 
         0.0086 = 𝜋𝑟2 
                   𝑟 = 0.052       𝑚 
        𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 0.105      𝑚  (4.1 𝑖𝑛𝑐ℎ𝑒𝑠) 
Therefore, the minimum diameter from each well is 4.1 inches. 
 
Then, the sizes were set to be 3.5, 3 and 2.5 inches. The maximum allowable flowrate from each well was 
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For these two cases, production rates were limited and this directly impacts the recovery factor. However, 
the bottom hole pressure was still above the bubble point pressure because there were enough injectors to 
support the pressure. The fluid model was still the same. To increase the production rate, additional 
pipeline can be planned by using the same simulation model. 
 
3. Surface facility constraints  
3.1. Separator capacity: group production rate was reduced by 10, 20 and 30 percent. In this case, the 
production rate was changed and this gave the same result as reducing the pipeline size. However, to 
improve the production rate, a bigger or additional separator has to be installed. 
3.2. Water handling capacity: the maximum water production rate for the base case is 8860 sm
3
/day. For 
variation case, it was decreased to be 90, 80 and 70 percent. This constraint was divided into two 
cases: 1) opening every well at all time and 2) closing the worst well. The results from the first case 
show larger change than the second one. Oil cumulative production differences between two cases 
are 0.1%, 0.6% and 1.7% of the base case in 90%, 80% and 70% water production rate, respectively.   
It can be seen that shutting in the worst well improved production rate.  When wells with high water 
production rates were stopped, the wells with low water production rates were then able to produce at 
a higher rate before approaching water production rate limits.  
 
This study was designed to determine the effects of these variation cases on the oil cumulative production and 
NPV variation as shown in Figure 9 and Figure 10, respectively. From this study, fluid flow (skin factor and pipeline 
size) and separator capacity constraints were applied to the base case by cutting off the production rate. The 
results show that these factors may have a significant effect on NPV. The oil cumulative production changes from 
0.1% to 19% in some cases which results in the NPV changing from 0.1 % to more than 25 %. This corresponds to 
a change in NPV of between £4 million and £910 million. Thus even small percent changes in NPV may actually be 
significant sums of money. It should be noted that the maximum changes in NPV found here result from rather 
extreme circumstances e.g. it is unusual for more than 1 well to have a skin of 20 or the choice of a very small 10” 
pipeline. Indeed if some of these circumstances were to occur it would be possible to compensate for them.  Wells 
with high skin would normally be stimulated, if they were limited. In the case of separator capacity, it may be 
possible for additional separators to be installed. 
 
On the other hand, water injection rate, injection pump and water handling capacity constraints are fairly common 
although they have a smaller impact on NPV. In these cases, the NPV changes from less than 1 percent to 3 
percent but as noted above these may still be significant sums of money. For offshore fields, there might be 
injection downtime, for example, equipment breakdown which can cause insufficient water injection to support the 
field pressure. This case is encountered more often in onshore fields, for example, injection water which is to be re-
injected to a reservoir might be less than predicted along with no transportation availability; additional injection 
water supply cannot be provided in time. In case of injection pump constraints, it is normally restricted by economic 
constraints such as required power. In case of water handling capacity constraints, there might not be enough 
vessels to contain produced water because of space limitation. Disposing water without any treatment is also 
prohibited. Consequently, water production rate is necessarily reduced.  
 
As discussed above, although the percentage change of the NPV is small, it should be considered because it 
reflects a change in millions of pounds. This finding supports the idea of including other constraints apart from the 
subsurface model in whole asset modelling. Because this study did not use a pipeline, flowline and riser model 
attached to the reservoir simulator, the feedback between applied constraints and the subsurface reservoir model 
was not considered. Further studies which take interaction of models into account should be undertaken for precise 
estimation of impacts on NPV. The various aspects of uncertainty studies can be beneficial to managing risk 
analysis on the planning and development of oil fields and on reservoir management regarding the reduction of 
potential future delays, cost overruns and impact of uncertainty in subsurface geological description. 
 
These findings indicate that the effects of wellbore and surface facilities should be included in studies of the 
subsurface, although, it was not able to include them directly in this study. Isolated models of wellbore and surface 
facilities could be simulated in the absence of a full asset modelling package and used to provide constraints to the 
reservoir simulation. Each constraint should be applied to those models to investigate their effects as done in this 
study. This approach is what is usually done in companies and it is assumed it will give reasonable results. IAM is 
a time-consuming method. Only if they have significant impacts on field profit should integrated whole asset 
modelling be considered. Nonetheless it is possible that modelling time varying behaviour of surface facilities as 
constant constraints on the simulation may lead to erroneous results i.e. the approach used here may not truly 
reflect the impact of surface constraints on field performance.  
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However, feedback between surface facilities and subsurface may result in variation on performance over time. 
This is probably not modelled just using constants as here. In this study, for instance, there are two water handling 
capacity constraints applied: 1) reducing water rate only and 2) reducing and including shutting in the worst well. 
For the first case, when water production rate constraint was applied, some wells were choked back because their 
water production rate exceeded the limit. This allows some wells to produce more. For the second one, when one 
well was shut in, then the remaining wells may actually produce more oil than previously. This is one type of 
feedback that can take into account without whole asset modelling. 
 
In order to integrate the whole system, there are some commercial software programs being used for integration 
such as Nexus® and AssetConnect™ from Halliburton, Avocet Integrated Asset Modeler from Schlumberger, 
RESOLVE from Petroleum Experts. All those software packages provide similar functions for linking the surface 
network equations simultaneously with the subsurface equations as a part of the same system. Also, those 
software packages include economic conditions and uncertainty analysis & optimization. All those tools are 
compatible with many of the well-known process and software simulators. In addition, they are useful for field 
management. For example, when production profile deviates from the prediction, the new profile can be history-
matched with a integrated model. It is normally simplified for simulation time reduction; hence, it can quickly predict 
a new production. A new field management plan can then be implemented immediately. 
Conclusions  
Previous studies have shown that IAM models can be used to gain more accurate production prediction because 
such models includes all major parameters and interactions which affect reservoir performance. The major 
disadvantage of whole asset model integration is that it is a time-consuming process. In order to reduce simulation 
time, reservoir models need to be simplified. However, simplification process is another time-consuming step. Most 
usually during field development planning, each model is separately simulated, while interaction between models is 
neglected. 
 
 The present study was designed to determine the effect of water injection rate, injection pump and water handling 
capacity constraints, which are fairly common, and fluid flow (skin factor and pipeline size) and separator capacity 
constraints, which are less likely to occur, in subsurface model on profit. In this preliminary study, interaction 
between models was set aside. The results show significant impacts of the constraints to field profit. Since the oil 
cumulative production changed from 0.1% to 19%, the NPV of the field then changed from 0.1% to more than 25% 
which corresponds to £4 million and £910 million, respectively. In consideration of profit change, whole asset 
model integration would improve risk and uncertainty analysis of a field development plan. For a more accurate 
estimation of profit change, wellbore and surface model are recommended to be constructed instead of applying 
discrete values as constraints. 
 
In order to integrate whole asset model, there are commercial software packages which have been widely used 
such as Avocet Integrated Asset Modeller from Schlumberger, Nexus® and AssetConnect™ from Halliburton and 
RESOLVE from Petroleum Experts. 
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Oil cumulative production variation 
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Oil Cumulative Production (MMbbl) 
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Net Present Value calculation 
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NPV variation NPV(x100) millions £
Percent difference
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Nomenclature 
A = Area, m2     q = Flowrate, m3/day 
BHP  = Bottom hole pressure, bar   r = Pipeline radius, m  
CAPEX = Capital expenditures    RF = Recovery factor, percent (%) 
FPSO = Floating production, storage and offloading S = Skin factor  
IAM = Integrated asset model   STOIIP = Stock Tank Oil Initially in Place, MMsm
3
 
NPV = Net Present Value    ve = Erosional velocity, ft/s 
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Appendix A Literature review 
Table A1 MILESTONES IN AN INTEGRATED OILFIELD SIMULATION SYSTEM 
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1. SPE 71120 (2001): Advances in Tightly Coupled Reservoir/Wellbore/Surface-Network Simulation 
 
Authors: V.J. Zapata, W.M. Brummett, M.E. Osborne and D.J. Van Nispen 
 
Contribution to the understanding of an integrated oilfield simulation system: Application of coupled 
discipline-specific models to forecast production rates.  
 
Objective of the paper: This paper provides a brief background of an integrated oilfield simulation system 
and gives a review of a major development project where it is currently being applied. 
Methodology used: Chevron’s tightly coupled oilfiled simulation system (CHEARS/PIPESOFT-2) 
 
Conclusion reached: Tightly coupled reservoir/wellbore/surface network modelling considers effects of 
entire flow systems, removes a major source of uncertainty and provides more accurate forecasts. This is 
due to the fact that the dynamic of the coupled networks allow the changes in operating conditions 
mentioned earlier to be modelled on a continual basis rather than in a stepwise approach. 
 
 
2. SPE 99937 (2006): Increasing Confidence in Production Forecasting Through Risk-Based Integrated Asset 
Modelling, Captain Field Case Study  
 
Authors: L.M. Wickens and G. De Jonge 
Contribution to the understanding of an integrated oilfield simulation system: This IAM includes risk-based 
oil, gas and water production forecasts that take full account of facilities constraints and uncertainties in 
reservoir and operational parameters through links to decision risk analysis software. In particular, it 
provides the ability to choke back individual wells on a priority basis from any of the wells in the separated 
simulations. 
 
Objective of the paper: To describe the novel approach used and model application of the IAM with an 
example of the application to a Captain Field. 
 
Methodology used: Single spreadsheet model was used as an IAM processor and Eclipse was used for 
reservoir modelling. 
 
Conclusion reached: The IAM has been successfully developed to capture the interdependencies of the 
Captain reservoir models and facilities performance. The validated model has been particularly successful 
in providing probabilistic production forecasts. 
 
Comments: This paper demonstrates the validation of a key feature of the IAM which is the ability to 
investigate new scenarios without the need to run additional reservoir simulations. 
 
3. SPE 108206 (2007): Smart Fields-Optimizing Existing Fields  
 
Authors: Frans G. van den Berg 
Contribution to the understanding of an integrated oilfield simulation system: The use of an Integrated 
Production System models (IPSM) with Smart Fields concepts. 
 
Objective of the paper: Introduction of Smart Fields and how to implement this concept by real time 
feedback loop. 
 
Methodology used: Integrated Production System models (IPSM) 
 
Conclusion reached: In the earliest phases of field development, this helps identify optimum reservoir 
management strategies and supports evaluation and selection of facility options. Moreover, it can be used 
to generate and optimise production forecasts. 
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4. SPE 112122  (2008): iValue, An Intelligent Energy Strategy for an Integrated Gas Major 
 
Authors: A.R. Edwards and Spencer Roberts 
Contribution to the understanding of an integrated oilfield simulation system: Introduction to the iValue 
programme which is used for the integration of the gas value chain, including E&P, LNG, 
transport&distribution and power 
 
Objective of the paper: Introduction to iValue Programme from BG 
 
Methodology used: the iValue programme is used for the integration of the gas value chain, including E&P, 
LNG, transport & distribution and power 
 
Conclusion reached: iValue can provide assets with the appropriate tools and real time capabilities that 
enable improved recovery, enhanced production rates and greater operational efficiency. 
 
5. SPE 112223 (2008): Breaking the Barriers-The Integrated Asset Model  
 
Authors: ystein Tesaker et al.  
Contribution to the understanding of an integrated oilfield simulation system: Highlight the necessary steps 
for the use of integrated asset modelling with the help of a simplified reservoir model.  
 
Objective of the paper: This paper present how a coupled system is setup that can be used to find the 
optimization potential by using a simplify reservoir model the Water & Alternating Gas (WAG) production 
and injection (P&I) cycles. The resulting P&I schedule is then used in an integrated asset model in order to 
identify bottlenecks and optimization potential. 
 
Methodology used: IAM consists of four different reservoir simulation models coupled to a common 
production network model between the well in the reservoir model and well in the network model. 
 
Conclusion reached: An optimization workflow facilitates development of a production and injection plan 
designed to maximize oil production. 
 
Comments: This paper shows how to simplify reservoir models and optimization. 
 
6. SPE 113831 (2008): The Benefits of Integrated Asset Modelling: Lesson Learned from Field Cases 
 
Authors: M. Rotondi, A. Cominelli, C. Di Giorgio, R. Rossi, E. Vignati and B.Carati 
Contribution to the understanding of an integrated oilfield simulation system: This paper shows a method of 
explicit coupling scheme between reservoir and network models (only boundary conditions are passed). 
 
Objective of the paper: The state of the art of Integrated Asset Modelling tools is reviewed, with emphasis 
on solution implemented (3 cases are shown; gas production system, deep water mixed oil-gas assets and 
gas lifted reservoir) 
 
Methodology used: “Resolve” is the controller programme used for the integration of the network model 
(GAP) and the reservoir models (Eclipse).  
 
Conclusion reached: From three field cases, IAM may address the following issues: pressure interaction 
between surface and subsurface and among different reservoirs; mixing of different fluids and flow 
assurance; honouring facilities constraints; locating system bottlenecks and backpressures; avoiding 
unnecessary drilling; evaluating infilling opportunities; improving artificial lift designs; meeting production 
targets and maximizing the overall production  and asset NPV.  
 
Comments: “Tank model” is run for quick scenario evaluation in case 1. This project might also use this 
method.  
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7. SPE 122421 (2009): Coupling a Reservoir Simulator With a Network Model to Evaluate the Implementation 
of Smart Wells on the Moporo Field Venezuela 
 
Authors: A. Alvarez, E. Guerra, A. Gammiero et al. 
 
Contribution to the understanding of an integrated oilfield simulation system: The IAM was proven as a way 
to reduce the uncertainty associated with the prediction of complex wells. 
 
Objective of the paper: Evaluation of the intelligent completion technology (inflow control valves, ICVs) by 
an Integrated Asset Model (IAM). 
 
Methodology used: Coupling a subsurface numerical simulation model (reservoir model in ECLIPSE) with 
a surface numerical simulation model (production network model in PIPSIM) using an integrated asset 
modeler software (Avocet IAM). 
 
8. SPE 128165 (2010): Forecasting Reservoir Management Through Integrated Asset Modelling 
 
Authors: F. Ursini, R. Rossi and F. Pagliari 
Contribution to the understanding of an integrated oilfield simulation system: The IAM is able to reproduce 
the current field production data within an acceptable accuracy even if there are some differences at 
manifold level. 
 
Objective of the paper: Apply IAM to reproduce the current field production data on two different scenarios 
(constrained and unconstrained by a maximum oil production rate) to obtain more accurate oil production 
forecast. 
 
Methodology used: “Resolve by Petroleum Expert” is the controller programme used for the integration of 
the network model (GAP) and the reservoir models (Eclipse) by including future wells and the production 
handling constraints.  
 
Conclusion reached: The IAM can be used in order to evaluate the impact on the production of any 




9. SPE 142936 (2011): Integrated Asset Model in Camisea, Peru 
 
Authors: A. Downie et al.  
Contribution to the understanding of an integrated oilfield simulation system: This paper shows the 
preparation of IAM Components that comprised of individual software applications linked together inside 
the RESOLVE software. 
 
Objective of the paper: To create a predictive tool that would facilitate field development planning for the 
Camisea area, especially with respect to design of booster compression facilities necessary to deliver the 
expected recovery as well as optimisation of the field facilities. 
 
Methodology used: RESOLVE software was used as an “umbrella” program 
 
Conclusion reached: An integrated asset model has been successfully created and used to investigate a 
number of potential options to optimise the economics of the development. The modelling work confirms 
the booster compression requirement. 
 
Comments: - 
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Appendix B Method section 
1.  Pump curve
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2. Plots of CAPEX and OPEX versus production rate  
 
 
Figure B1 Plot CAPEX versus Production rate 
 
Figure B2 Plot annual fixed OPEX versus Production rate 
 
Figure B3 Plot annual variable OPEX versus Production rate 
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Appendix C Result section 
1. Simulation results 
 
 
a.)             b.) 
Figure C1 Inadequate injection water - a.) Oil production cumulative b.) Field pressure 
 
a.)             b.) 
Figure C2 Water injection pump limitation - a.) Oil production cumulative b.) Field pressure 
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a.)             b.) 




a.)             b.) 
Figure C4 Pipeline size (to gathering station) - a.) Oil production cumulative b.) Field pressure 
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a.)             b.) 






a.)             b.) 
Figure C6 Separator capacity - a.) Oil production cumulative b.) Field pressure 
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a.)             b.) 
Figure C7 Water handling capacity - a.) Oil production cumulative b.) Field pressure 
 
 
a.)             b.) 
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2. BHP in the absence of each injector 
 
In this study, the field pressure had to be maintained above 159 bars. It can be seen in the table that the field 
pressure dropped below 159 bars or even below the bubble point in the absence of each injector.  
 
Table C1 BHP in the absence of each injector 
 YEAR Inj1 Inj2 Inj3 Inj4 Inj6 InjN1 InjN2 InjN3 
Jan 2011 161.5 161.5 161.5 161.5 161.5 161.5 161.5 161.5 
2011 159.2 161.1 161.3 161.3 161.3 161.3 161.3 161.3 
2012 158.3 160.3 159.5 160.4 161.0 161.0 161.0 161.0 
2013 158.5 160.3 159.8 160.3 160.5 160.5 161.0 161.0 
2014 158.2 160.1 159.2 159.7 160.2 160.2 160.7 160.7 
2015 157.9 159.5 158.7 159.2 159.7 159.7 160.2 160.4 
2016 157.6 159.2 157.9 158.9 159.4 159.4 160.0 160.4 
2017 157.3 159.1 156.3 158.4 159.5 159.5 160.0 159.9 
2018 156.6 159.2 155.2 157.6 159.8 159.8 159.3 158.9 
2019 156.4 159.3 154.3 157.3 160.1 160.1 158.9 158.4 
2020 156.3 159.5 154.0 157.2 160.4 160.4 158.7 158.2 
2021 156.6 159.6 154.1 157.6 160.6 160.6 158.9 158.4 
2022 156.8 159.7 154.5 158.0 160.8 160.8 159.4 159.1 
2023 156.9 159.8 154.7 158.2 160.9 160.9 159.8 159.5 
2024 157.1 159.9 155.0 158.4 161.0 161.0 160.0 159.8 
2025 157.2 160.0 155.2 158.5 161.0 161.0 160.3 160.2 
2026 157.4 160.1 155.4 158.6 161.0 161.0 160.4 160.4 
2027 157.4 160.2 155.6 158.7 161.1 161.1 160.4 160.7 
2028 157.4 160.1 155.7 158.6 161.0 161.0 160.4 160.7 
2029 157.4 160.0 155.8 158.6 160.9 160.9 160.5 160.9 
2030 157.4 159.9 155.9 158.6 160.9 160.9 160.6 161.1 
2031 157.4 159.8 155.9 158.6 160.7 160.7 160.6 161.1 
2032 157.5 159.8 156.0 158.5 160.6 160.6 160.5 161.2 
2033 157.6 159.9 156.0 158.5 160.5 160.5 160.5 161.3 
2034 157.7 159.9 156.1 158.4 160.4 160.4 160.8 161.3 
2035 157.7 159.8 156.1 158.4 160.4 160.4 161.0 161.4 
 
 
3. NPV calculation results 
 
Economic parameters Reference year 2010  Long term REAL Price $94 (£62.67) 
Start date of Production 2011 End date of Production 2035 
General Inflation 2%  Nominal discount factor 10% 




For field NPV calculation, CAPEX and OPEX were calculated by equations for each production rate interval as 
shown in Figure B1, Figure B2 and Figure B3. 
 
For NPV calculation of producers, CAPEX and OPEX were divided by the production rate ratio of their own to the 
total field production rate.  
 
For NPV calculation of variation cases, CAPEX was fixed because it is the cost from the production prediction. 
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The following tables shows NPV calculation in drilling sequence 
Base Case 
 
Table C2 Field NPV calculation 
          COSTS  £ MILLION         BEFORE           PRESENT CUM 
  COSTS  £ MILLION REAL NOMINAL         TAX     TAX NET   VALUE NET 
      
 
        TOTAL MMBbl MMBbl GROSS CASH Written   LIAB CASH CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX £M nom FLOW CASH @ VALUE 
  Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN 40% £M nom FLOW 10% 10% 
2010 133 473 
 
607 133.3 473 0 607 0   0 -607 473.3 118.3 -101 -506 -506 -506 -506 
2011 200   12 212 204.0   13 217 3 3 220 4 355.0 88.7 -34 38 -468 34 -472 
2012 267   26 293 277.4   28 305 7 11 481 176 266.2 66.6 44 132 -336 109 -363 
2013 267   31 298 283.0   33 316 9 20 631 315 199.7 49.9 106 209 -128 157 -206 
2014 267   36 303 288.6   39 328 12 32 826 498 149.8 37.4 184 314 186 214 8 
2015 267   45 311 294.4   49 344 17 50 1181 837 112.3 28.1 324 514 700 319 327 
2016 267   48 315 300.3   55 355 20 70 1413 1058 84.2 21.1 415 643 1343 363 690 
2017 267   53 320 306.3   61 367 23 92 1640 1273 63.2 15.8 503 770 2113 395 1086 
2018 200   55 255 234.3   65 299 24 117 1776 1477 47.4 11.8 586 891 3004 416 1501 
2019     54 54     64 64 23 140 1753 1689 35.5 8.9 672 1017 4021 431 1933 
2020     51 51     62 62 22 162 1652 1589 26.7 6.7 633 956 4977 369 2301 
2021     47 47     58 58 19 181 1486 1428 20.0 5.0 569 859 5836 301 2602 
2022     41 41     52 52 15 196 1198 1146 15.0 3.7 457 689 6525 220 2822 
2023     36 36     47 47 12 208 975 929 11.2 2.8 370 558 7083 162 2984 
2024     33 33     43 43 10 218 843 800 8.4 2.1 319 481 7564 127 3110 
2025     31 31     42 42 9 227 736 694 6.3 1.6 277 417 7981 100 3210 
2026     28 28     38 38 8 234 662 624 4.7 1.2 249 375 8356 82 3292 
2027     25 25     36 36 7 241 621 586 3.6 0.9 234 352 8708 70 3361 
2028     23 23     32 32 6 248 565 532 2.7 0.7 213 320 9028 58 3419 
2029     20 20     29 29 5 253 502 473 2.0 0.5 189 284 9312 46 3465 
2030     18 18     27 27 5 258 478 450 1.5 0.4 180 270 9582 40 3505 
2031     17 17     26 26 5 263 446 421 1.1 0.3 168 253 9835 34 3539 
2032     16 16     24 24 4 267 423 398 0.8 0.2 159 239 10074 29 3569 
2033     15 15     24 24 4 272 412 388 0.6 0.2 155 233 10307 26 3595 
2034     14 14     23 23 4 276 403 379 0.5 0.1 152 228 10534 23 3618 
2035     13 13     21 21 4 279 371 350 0.4 0.4 140 210 10745 19 3637 
                 
NPV= 3637 
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NPV calculation of producers 
 
Table C3 NPV calculation of producer 1 (East) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 67 44 0.0 110.8 67 44.14 0.0 110.8 0.0 0.0 0 -111 44 11.0 -80 -79.7 -80 
2011 0 
 
6.2 6.2 0 
 
6.3 6.3 1.7 1.7 110 104 33 8.3 -14 59.8 -20 
2012 0 
 
6.2 6.2 0 
 
6.5 6.5 3.5 3.5 113 106 25 6.2 52 54.8 35 
2013 0 
 
5.7 5.7 0 
 
6.1 6.1 5.2 5.2 115 109 19 4.7 119 50.4 85 
2014 0 
 
5.1 5.1 0 
 
5.6 5.6 6.9 6.9 117 111 14 3.5 188 46.6 132 
2015 0 
 
4.5 4.5 0 
 
5.0 5.0 8.6 8.6 119 114 10 2.6 257 43.3 175 
2016 0 
 
4.2 4.2 0 
 
4.7 4.7 10.4 10.4 122 118 8 2.0 329 40.3 215 
2017 0 
 
4.0 4.0 0 
 
4.6 4.6 12.1 12.1 125 120 6 1.5 401 37.3 253 
2018 0 
 
3.9 3.9 0 
 





















































































2.2 2.2 26.0 26.0 38 36 0 0.0 1059 2.0 446 
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Table C4 NPV calculation of producer 2 (East)  
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 40 0.0 39.8 0 39.84 0.0 39.8 0.0 0.0 0 -40 40 10.0 -36 -35.9 -36 
2011 67 
 
4.7 71.3 68 
 
4.8 72.8 1.3 1.3 83 10 30 7.5 -27 8.4 -27 
2012 0 
 
6.2 6.2 0 
 
6.5 6.5 3.0 3.0 113 106 22 5.6 39 54.6 27 
2013 0 
 
5.7 5.7 0 
 
6.1 6.1 4.8 4.8 114 108 17 4.2 106 50.1 77 
2014 0 
 
5.1 5.1 0 
 
5.6 5.6 6.5 6.5 117 111 13 3.2 174 46.4 124 
2015 0 
 
4.5 4.5 0 
 
5.0 5.0 8.2 8.2 120 115 9 2.4 244 43.3 167 
2016 0 
 
4.2 4.2 0 
 
4.7 4.7 9.9 9.9 122 118 7 1.8 315 40.2 207 
2017 0 
 
4.0 4.0 0 
 
4.6 4.6 11.6 11.6 123 118 5 1.3 387 36.7 244 
2018 0 
 
3.7 3.7 0 
 





















































































1.6 1.6 23.5 23.5 29 27 0 0.0 944 1.5 410 
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Table C5 NPV calculation of producer 3 (East) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 32 0.0 31.8 0 31.85 0.0 31.8 0.0 0.0 0 -32 32 8.0 -29 -28.7 -29 
2011 67 
 
1.5 68.2 68 
 
1.5 69.5 0.4 0.4 27 -43 24 6.0 -52 -21.1 -50 
2012 0 
 
6.0 6.0 0 
 
6.3 6.3 2.1 2.1 109 103 18 4.5 12 52.7 3 
2013 0 
 
5.6 5.6 0 
 
5.9 5.9 3.8 3.8 111 106 13 3.4 77 48.6 52 
2014 0 
 
5.0 5.0 0 
 
5.4 5.4 5.4 5.4 113 108 10 2.5 142 44.9 96 
2015 0 
 
4.4 4.4 0 
 
4.8 4.8 7.1 7.1 116 111 8 1.9 210 41.8 138 
2016 0 
 
4.1 4.1 0 
 
4.6 4.6 8.8 8.8 118 114 6 1.4 279 38.9 177 
2017 0 
 
3.8 3.8 0 
 
4.4 4.4 10.5 10.5 119 115 4 1.1 348 35.5 213 
2018 0 
 
2.8 2.8 0 
 





















































































0.5 0.5 18.8 18.8 8 8 0 0.0 743 0.4 326 
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Table C6 NPV calculation of producer 4 (East) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 40 0.0 39.9 0 39.87 0.0 39.9 0.0 0.0 0 -40 40 10.0 -36 -35.9 -36 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 30 7.5 -33 2.7 -33 
2012 67 
 
6.7 73.4 69 
 
7.0 76.4 1.9 1.9 122 46 22 5.6 -3 24.6 -9 
2013 0 
 
6.2 6.2 0 
 
6.6 6.6 3.7 3.7 124 118 17 4.2 69 54.4 46 
2014 0 
 
5.6 5.6 0 
 
6.0 6.0 5.6 5.6 127 121 13 3.2 143 50.4 96 
2015 0 
 
4.9 4.9 0 
 
5.4 5.4 7.5 7.5 129 124 9 2.4 218 46.8 143 
2016 0 
 
4.5 4.5 0 
 
5.1 5.1 9.4 9.4 132 127 7 1.8 295 43.5 186 
2017 0 
 
4.2 4.2 0 
 
4.8 4.8 11.2 11.2 130 125 5 1.3 371 38.9 225 
2018 0 
 
3.7 3.7 0 
 





















































































1.5 1.5 23.5 23.5 26 25 0 0.0 954 1.4 395 







34 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
Table C7 NPV calculation of producer 5 (East) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 26 0.0 26.1 0 26.10 0.0 26.1 0.0 0.0 0 -26 26 6.5 -23 -23.5 -23 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 20 4.9 -22 1.8 -22 
2012 67 
 
1.3 68.0 69 
 
1.3 70.7 0.4 0.4 23 -47 15 3.7 -48 -22.3 -44 
2013 0 
 
4.7 4.7 0 
 
5.0 5.0 1.8 1.8 94 89 11 2.8 6 41.1 -3 
2014 0 
 
4.2 4.2 0 
 
4.6 4.6 3.2 3.2 96 92 8 2.1 62 38.1 35 
2015 0 
 
3.5 3.5 0 
 
3.9 3.9 4.5 4.5 93 89 6 1.5 116 33.5 69 
2016 0 
 
2.8 2.8 0 
 
3.1 3.1 5.7 5.7 81 78 5 1.2 163 26.6 95 
2017 0 
 
2.1 2.1 0 
 
2.4 2.4 6.6 6.6 65 62 3 0.9 201 19.4 115 
2018 0 
 
1.8 1.8 0 
 





















































































1.8 1.8 15.4 15.4 31 30 0 0.0 628 1.6 224 
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Table C8 NPV calculation of producer 6 (East) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 21 0.0 20.6 0 20.64 0.0 20.6 0.0 0.0 0 -21 21 5.2 -19 -18.6 -19 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 15 3.9 -17 1.4 -17 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 12 2.9 -16 1.0 -16 
2013 67 
 
2.0 68.7 71 
 
2.1 72.9 0.6 0.6 40 -33 9 2.2 -35 -14.1 -30 
2014 0 
 
2.4 2.4 0 
 
2.6 2.6 1.4 1.4 54 52 7 1.6 -3 21.6 -9 
2015 0 
 
2.1 2.1 0 
 
2.3 2.3 2.2 2.2 55 53 5 1.2 29 20.0 11 
2016 0 
 
1.9 1.9 0 
 
2.2 2.2 3.0 3.0 57 54 4 0.9 62 18.6 30 
2017 0 
 
1.8 1.8 0 
 
2.1 2.1 3.8 3.8 57 55 3 0.7 95 17.1 47 
2018 0 
 
1.8 1.8 0 
 





















































































1.1 1.1 12.2 12.2 20 18 0 0.0 494 1.0 158 
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Table C9 NPV calculation of producer 7 (East) 
          COSTS  £ MILLION         BEFORE       PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 18 0.0 17.8 0 17.81 0.0 17.8 0.0 0.0 0 -18 18 4.5 -16 -16.0 -16 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 13 3.3 -15 1.2 -15 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 10 2.5 -14 0.8 -14 
2013 67 
 
1.1 67.8 71 
 
1.2 71.9 0.3 0.3 23 -49 8 1.9 -43 -21.7 -36 
2014 0 
 
2.0 2.0 0 
 
2.2 2.2 1.0 1.0 46 44 6 1.4 -16 18.3 -17 
2015 0 
 
1.8 1.8 0 
 
2.0 2.0 1.7 1.7 47 45 4 1.1 11 17.0 0 
2016 0 
 
1.6 1.6 0 
 
1.8 1.8 2.4 2.4 48 46 3 0.8 39 15.7 15 
2017 0 
 
1.5 1.5 0 
 
1.7 1.7 3.0 3.0 47 45 2 0.6 67 14.1 29 
2018 0 
 
1.5 1.5 0 
 





















































































1.5 1.5 10.5 10.5 26 25 0 0.0 428 1.4 123 
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Table C10 NPV calculation of producer N1 (North) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 5 0.0 4.9 0 4.94 0.0 4.9 0.0 0.0 0 -5 5 1.2 -4 -4.4 -4 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 0.9 -4 0.3 -4 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.7 -4 0.2 -4 
2013 67 
 
0.4 67.1 71 
 
0.5 71.2 0.1 0.1 9 -62 2 0.5 -41 -27.9 -32 
2014 0 
 
1.6 1.6 0 
 
1.7 1.7 0.7 0.7 36 34 2 0.4 -20 14.2 -18 
2015 0 
 
1.4 1.4 0 
 
1.5 1.5 1.2 1.2 37 35 1 0.3 1 13.2 -4 
2016 0 
 
1.3 1.3 0 
 
1.4 1.4 1.7 1.7 37 36 1 0.2 23 12.2 8 
2017 0 
 
1.1 1.1 0 
 
1.2 1.2 2.2 2.2 33 32 1 0.2 42 9.9 18 
2018 0 
 
0.8 0.8 0 
 





















































































0.0 0.0 2.9 2.9 0 0 0 0.0 73 0.0 31 
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Table C11 NPV calculation of producer N2 (North) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 32 0.0 31.8 0 31.84 0.0 31.8 0.0 0.0 0 -32 32 8.0 -29 -28.7 -29 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 24 6.0 -26 2.2 -26 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 18 4.5 -24 1.5 -25 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 13 3.4 -23 1.0 -24 
2014 67 
 
3.3 70.0 72 
 
3.6 75.8 1.1 1.1 76 0 10 2.5 -22 0.6 -23 
2015 0 
 
5.8 5.8 0 
 
6.4 6.4 3.3 3.3 154 147 8 1.9 67 55.3 32 
2016 0 
 
5.4 5.4 0 
 
6.1 6.1 5.6 5.6 157 151 6 1.4 158 51.5 83 
2017 0 
 
5.2 5.2 0 
 
5.9 5.9 7.8 7.8 160 154 4 1.1 251 47.7 131 
2018 0 
 
5.1 5.1 0 
 





















































































0.0 0.0 18.8 18.8 0 0 0 0.0 744 0.0 310 
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Table C12 NPV calculation of producer N3 (North) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 47 0.0 47.1 0 47.14 0.0 47.1 0.0 0.0 0 -47 47 11.8 -42 -42.4 -42 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 35 8.8 -39 3.2 -39 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 27 6.6 -36 2.2 -37 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 20 5.0 -34 1.5 -36 
2014 67 
 
1.9 68.6 72 
 
2.1 74.3 0.6 0.6 44 -30 15 3.7 -51 -11.4 -47 
2015 0 
 
6.8 6.8 0 
 
7.5 7.5 3.2 3.2 178 171 11 2.8 53 64.4 17 
2016 0 
 
6.3 6.3 0 
 
7.0 7.0 5.8 5.8 183 176 8 2.1 159 59.9 77 
2017 0 
 
6.0 6.0 0 
 
6.9 6.9 8.4 8.4 185 178 6 1.6 267 55.3 133 
2018 0 
 
5.8 5.8 0 
 





















































































2.3 2.3 27.8 27.8 41 38 0 0.0 1176 2.1 407 
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Table C13 NPV calculation of producer N4 (North) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 14 0.0 14.2 0 14.18 0.0 14.2 0.0 0.0 0 -14 14 3.5 -13 -12.8 -13 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 11 2.7 -12 1.0 -12 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 8 2.0 -11 0.7 -11 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 6 1.5 -10 0.4 -11 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 1.1 -10 0.3 -10 
2015 67 
 
2.8 69.5 74 
 
3.1 76.7 1.1 1.1 75 -2 3 0.8 -11 -0.5 -11 
2016 0 
 
2.6 2.6 0 
 
3.0 3.0 2.2 2.2 76 73 3 0.6 34 25.0 14 
2017 0 
 
2.5 2.5 0 
 
2.8 2.8 3.2 3.2 77 74 2 0.5 78 22.9 37 
2018 0 
 
2.3 2.3 0 
 





















































































0.0 0.0 8.4 8.4 0 0 0 0.0 311 0.0 117 
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Table C14 NPV calculation of producer N5 (North) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 14 0.0 14.4 0 14.41 0.0 14.4 0.0 0.0 0 -14 14 3.6 -13 -13.0 -13 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 11 2.7 -12 1.0 -12 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 8 2.0 -11 0.7 -11 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 6 1.5 -10 0.5 -11 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.1 -10 0.3 -11 
2015 67 
 
1.6 68.3 74 
 
1.8 75.4 0.6 0.6 43 -32 3 0.9 -29 -11.8 -22 
2016 0 
 
3.0 3.0 0 
 
3.4 3.4 1.9 1.9 88 84 3 0.6 22 28.7 6 
2017 0 
 
2.9 2.9 0 
 
3.3 3.3 3.1 3.1 89 86 2 0.5 73 26.4 33 
2018 0 
 
2.7 2.7 0 
 





















































































0.0 0.0 8.5 8.5 0 0 0 0.0 315 0.0 121 
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Table C15 NPV calculation of producer N6 (North) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 15 0.0 15.4 0 15.37 0.0 15.4 0.0 0.0 0 -15 15 3.8 -14 -13.8 -14 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 12 2.9 -13 1.0 -13 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 9 2.2 -12 0.7 -12 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 6 1.6 -11 0.5 -12 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.2 -11 0.3 -11 
2015 67 
 
0.6 67.3 74 
 
0.6 74.3 0.2 0.2 15 -59 4 0.9 -46 -21.7 -33 
2016 0 
 
2.1 2.1 0 
 
2.4 2.4 1.1 1.1 63 60 3 0.7 -9 20.6 -12 
2017 0 
 
2.1 2.1 0 
 
2.4 2.4 2.0 2.0 64 62 2 0.5 28 19.1 7 
2018 0 
 
2.0 2.0 0 
 





















































































0.7 0.7 9.1 9.1 13 12 0 0.0 358 0.7 108 
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Table C16 NPV calculation of producer N7 (North) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 8 0.0 8.3 0 8.31 0.0 8.3 0.0 0.0 0 -8 8 2.1 -7 -7.5 -7 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 6 1.6 -7 0.6 -7 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.2 -6 0.4 -7 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 0.9 -6 0.3 -6 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.7 -6 0.2 -6 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.5 -6 0.1 -6 
2016 67 
 
1.1 67.7 75 
 
1.2 76.3 0.4 0.4 31 -45 1 0.4 -32 -15.1 -21 
2017 0 
 
1.0 1.0 0 
 
1.2 1.2 0.9 0.9 32 31 1 0.3 -14 9.6 -12 
2018 0 
 
1.0 1.0 0 
 





















































































0.4 0.4 4.9 4.9 8 7 0 0.0 174 0.4 44 







44 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
Table C17 NPV calculation of producer N8 (North) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 13 0.0 12.9 0 12.94 0.0 12.9 0.0 0.0 0 -13 13 3.2 -12 -11.7 -12 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 10 2.4 -11 0.9 -11 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 7 1.8 -10 0.6 -10 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.4 -9 0.4 -10 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 1.0 -9 0.3 -9 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.8 -9 0.2 -9 
2016 67 
 
1.0 67.6 75 
 
1.1 76.2 0.4 0.4 28 -48 2 0.6 -37 -16.1 -25 
2017 0 
 
1.2 1.2 0 
 
1.4 1.4 0.9 0.9 38 37 2 0.4 -15 11.5 -14 
2018 0 
 
1.2 1.2 0 
 





















































































1.1 1.1 7.6 7.6 20 19 0 0.0 310 1.0 69 
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Table C18 NPV calculation of producer S1 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 15 0.0 14.9 0 14.91 0.0 14.9 0.0 0.0 0 -15 15 3.7 -13 -13.4 -13 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 11 2.8 -12 1.0 -12 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 8 2.1 -11 0.7 -12 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 6 1.6 -11 0.5 -11 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.2 -10 0.3 -11 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 0.9 -10 0.2 -11 
2016 67 
 
1.5 68.2 75 
 
1.7 76.8 0.6 0.6 44 -33 3 0.7 -29 -10.9 -22 
2017 0 
 
2.9 2.9 0 
 
3.3 3.3 1.9 1.9 90 86 2 0.5 23 26.7 5 
2018 0 
 
2.8 2.8 0 
 





















































































0.0 0.0 8.8 8.8 0 0 0 0.0 337 0.0 113 







46 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
Table C19 NPV calculation of producer S2 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 21 0.0 20.9 0 20.90 0.0 20.9 0.0 0.0 0 -21 21 5.2 -19 -18.8 -19 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 16 3.9 -17 1.4 -17 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 12 2.9 -16 1.0 -16 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 9 2.2 -15 0.7 -16 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 7 1.7 -15 0.5 -15 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.2 -14 0.3 -15 
2016 67 
 
0.8 67.5 75 
 
0.9 76.0 0.3 0.3 24 -52 4 0.9 -45 -17.4 -32 
2017 0 
 
3.1 3.1 0 
 
3.6 3.6 1.7 1.7 97 94 3 0.7 12 29.0 -3 
2018 0 
 
3.1 3.1 0 
 





















































































0.4 0.4 12.3 12.3 7 6 0 0.0 505 0.4 151 
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Table C20 NPV calculation of producer S4 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 7 0.0 7.4 0 7.45 0.0 7.4 0.0 0.0 0 -7 7 1.9 -7 -6.7 -7 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 6 1.4 -6 0.5 -6 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 1.0 -6 0.3 -6 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.8 -5 0.2 -6 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.6 -5 0.2 -5 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.4 -5 0.1 -5 
2016 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 1 0.3 -5 0.1 -5 
2017 67 
 
1.2 67.8 77 
 
1.3 77.9 0.5 0.5 36 -42 1 0.2 -30 -12.9 -18 
2018 0 
 
1.1 1.1 0 
 





















































































0.6 0.6 4.4 4.4 10 9 0 0.0 153 0.5 36 







48 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
Table C21 NPV calculation of producer S3 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 14 0.0 13.6 0 13.65 0.0 13.6 0.0 0.0 0 -14 14 3.4 -12 -12.3 -12 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 10 2.6 -11 0.9 -11 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 8 1.9 -10 0.6 -11 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 6 1.4 -10 0.4 -10 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 1.1 -9 0.3 -10 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.8 -9 0.2 -10 
2016 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.6 -9 0.1 -10 
2017 67 
 
1.4 68.1 77 
 
1.6 78.2 0.6 0.6 44 -34 2 0.5 -29 -10.4 -20 
2018 0 
 
1.9 1.9 0 
 





















































































1.4 1.4 8.1 8.1 25 24 0 0.0 327 1.3 77 
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Table C22 NPV calculation of producer S5 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 6 0.0 6.2 0 6.18 0.0 6.2 0.0 0.0 0 -6 6 1.5 -6 -5.6 -6 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.2 -5 0.4 -5 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.9 -5 0.3 -5 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.7 -4 0.2 -5 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.5 -4 0.1 -5 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 1 0.4 -4 0.1 -4 
2016 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 1 0.3 -4 0.1 -4 
2017 67 
 
0.6 67.2 77 
 
0.7 77.2 0.3 0.3 18 -59 1 0.2 -39 -18.2 -23 
2018 0 
 
1.1 1.1 0 
 





















































































0.3 0.3 3.6 3.6 5 4 0 0.0 116 0.2 29 







50 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
Table C23 NPV calculation of producer S7 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 8 0.0 8.3 0 8.28 0.0 8.3 0.0 0.0 0 -8 8 2.1 -7 -7.4 -7 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 6 1.6 -7 0.6 -7 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.2 -6 0.4 -7 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.9 -6 0.3 -6 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.7 -6 0.2 -6 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.5 -6 0.1 -6 
2016 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 1 0.4 -5 0.1 -6 
2017 67 
 
0.4 67.0 77 
 
0.4 77.0 0.2 0.2 11 -66 1 0.3 -45 -20.3 -26 
2018 0 
 
1.4 1.4 0 
 





















































































0.9 0.9 4.9 4.9 17 16 0 0.0 181 0.9 37 
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Table C24 NPV calculation of producer S8 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 7 0.0 7.0 0 7.01 0.0 7.0 0.0 0.0 0 -7 7 1.8 -6 -6.3 -6 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.3 -6 0.5 -6 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 1.0 -5 0.3 -6 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.7 -5 0.2 -5 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.6 -5 0.2 -5 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.4 -5 0.1 -5 
2016 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 1 0.3 -5 0.1 -5 
2017 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 1 0.2 -4 0.0 -5 
2018 67 
 
1.6 68.3 78 
 





















































































0.4 0.4 4.1 4.1 8 7 0 0.0 139 0.4 36 







52 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
Table C25 NPV calculation of producer S9 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 9 0.0 9.2 0 9.24 0.0 9.2 0.0 0.0 0 -9 9 2.3 -8 -8.3 -8 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 7 1.7 -8 0.6 -8 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.3 -7 0.4 -7 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 1.0 -7 0.3 -7 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.7 -6 0.2 -7 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.5 -6 0.1 -7 
2016 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.4 -6 0.1 -7 
2017 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 1 0.3 -6 0.1 -6 
2018 67 
 
1.2 67.9 78 
 





















































































0.9 0.9 5.5 5.5 15 14 0 0.0 204 0.8 47 







[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        53 
 
Table C26 NPV calculation of producer S6 (South) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 0 16 0.0 16.3 0 16.35 0.0 16.3 0.0 0.0 0 -16 16 4.1 -15 -14.7 -15 
2011 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 12 3.1 -13 1.1 -14 
2012 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 9 2.3 -13 0.8 -13 
2013 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 7 1.7 -12 0.5 -12 
2014 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 5 1.3 -11 0.4 -12 
2015 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 4 1.0 -11 0.2 -12 
2016 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 3 0.7 -11 0.2 -12 
2017 0 
 
0.0 0.0 0 
 
0.0 0.0 0.0 0.0 0 0 2 0.5 -10 0.1 -11 
2018 67 
 
1.0 67.6 78 
 





















































































1.5 1.5 9.6 9.6 26 25 0 0.0 410 1.4 85 




54 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
Variation from the base case 
1. Water injection constraints 
1.1 Inadequate injection water      90% water injection 
Table C27 Inadequate injection water (90% water injection) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.5 3 221 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.5 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -127 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 825 497 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.5 50 1180 836 112 28.1 699 318 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.5 70 1411 1057 84 21.1 1341 363 689 
2017 267 
 
53.0 320 306 
 
60.8 367 92.3 92 1641 1274 63 15.8 2112 396 1085 
2018 200 
 
55.4 255 234 
 





















































































22.2 22 277.6 278 388 366 0 0.4 10670 20 3615 
               
NPV= 3615 
 
[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        55 
 
 80% water injection 
 
Table C28 Inadequate injection water (80% water injection) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.5 3 221 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 480 175 266 66.6 -336 109 -363 
2013 267 
 
31.5 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -127 157 -206 
2014 267 
 
36.2 303 289 
 
39.2 328 32.4 32 824 496 150 37.4 185 213 8 
2015 267 
 
44.6 311 294 
 
49.3 344 49.5 49 1177 833 112 28.1 696 317 325 
2016 267 
 
48.3 315 300 
 
54.4 355 69.4 69 1407 1052 84 21.1 1335 361 686 
2017 267 
 
52.9 320 306 
 
60.7 367 92.1 92 1637 1270 63 15.8 2104 394 1080 
2018 200 
 
55.5 256 234 
 





















































































21.9 22 274.9 275 382 360 0 0.4 10540 20 3580 
               
NPV= 3580 
  
56 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 70% water injection 
 
Table C29 Inadequate injection water (70% water injection) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.5 3 221 4 355 88.7 -468 34 -472 
2012 267 
 
26.4 293 277 
 
27.5 305 10.8 11 480 175 266 66.6 -336 109 -363 
2013 267 
 
31.5 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.1 303 289 
 
39.1 328 32.4 32 820 492 150 37.4 183 212 6 
2015 267 
 
44.5 311 294 
 
49.1 344 49.3 49 1172 828 112 28.1 691 316 322 
2016 267 
 
48.0 315 300 
 
54.0 354 69.1 69 1393 1039 84 21.1 1323 357 678 
2017 267 
 
52.7 319 306 
 
60.5 367 91.7 92 1628 1261 63 15.8 2086 392 1070 
2018 200 
 
55.5 256 234 
 





















































































22.0 22 272.2 272 383 361 0 0.4 10413 20 3540 
               
NPV= 3540 
  
[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        57 
 





Table C30 Water injection pump limitation (2000 m
3
/day) 
          COSTS  £ MILLION         BEFORE       PRESENT CUM 
  COSTS  £ MILLION REAL NOMINAL         TAX       VALUE NET 
                TOTAL MMBbl MMBbl GROSS CASH Written   CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
  Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200   12.4 212 204   12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267   26.5 293 277   27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267   31.4 298 283   33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267   36.3 303 289   39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267   44.7 311 294   49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267   48.4 315 300   54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267   52.9 320 306   60.8 367 92.4 92 1640 1273 63 15.8 2113 395 1086 
2018 200   55.1 255 234   64.6 299 116.5 117 1774 1475 47 11.8 3003 415 1501 
2019     53.9 54     64.4 64 139.9 140 1750 1685 36 8.9 4017 430 1931 
2020     50.9 51     62.0 62 161.4 161 1643 1581 27 6.7 4969 367 2298 
2021     46.3 46     57.6 58 180.1 180 1460 1403 20 5.0 5812 296 2593 
2022     40.8 41     51.8 52 194.9 195 1174 1122 15 3.7 6487 215 2808 
2023     35.0 35     45.3 45 206.3 206 929 883 11 2.8 7018 154 2962 
2024     31.9 32     42.1 42 216.1 216 806 764 8 2.1 7477 121 3083 
2025     30.8 31     41.4 41 224.7 225 723 681 6 1.6 7887 98 3181 
2026     27.3 27     37.4 37 232.3 232 653 616 5 1.2 8257 81 3262 
2027     25.0 25     35.0 35 239.2 239 610 575 4 0.9 8602 68 3330 
2028     23.1 23     33.0 33 245.6 246 575 542 3 0.7 8928 59 3389 
2029     20.7 21     30.2 30 251.4 251 527 497 2 0.5 9226 49 3437 
2030     18.7 19     27.8 28 256.6 257 485 457 2 0.4 9501 41 3478 
2031     17.5 18     26.6 27 261.5 262 464 437 1 0.3 9764 35 3514 
2032     15.8 16     24.4 24 265.9 266 425 401 1 0.2 10004 30 3543 
2033     15.0 15     23.7 24 270.1 270 414 390 1 0.2 10239 26 3569 
2034     14.4 14     23.2 23 274.1 274 404 381 0 0.1 10467 23 3593 
2035     13.5 13     22.1 22 277.9 278 386 364 0 0.4 10686 20 3613 
               
NPV= 3613 
  






Table C31 Water injection pump limitation (1600 m
3
/day) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.5 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1412 1057 84 21.1 1342 363 690 
2017 267 
 
52.9 320 306 
 
60.7 367 92.3 92 1637 1270 63 15.8 2111 394 1084 
2018 200 
 
55.1 255 234 
 





















































































22.9 23 274.5 275 399 376 0 0.4 10533 21 3564 
               
NPV= 3564 
  






Table C32 Water injection pump limitation (1200 m
3
/day) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.3 344 49.5 50 1179 835 112 28.1 698 318 327 
2016 267 
 
48.2 315 300 
 
54.3 355 69.4 69 1405 1051 84 21.1 1337 361 687 
2017 267 
 
52.6 319 306 
 
60.4 367 92.0 92 1626 1259 63 15.8 2099 391 1078 
2018 200 
 
54.8 255 234 
 





















































































22.8 23 269.3 269 398 375 0 0.4 10287 21 3490 
               
NPV= 3490 
  






Table C33 Water injection pump limitation (800 m
3
/day) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.2 303 289 
 
39.2 328 32.5 32 824 497 150 37.4 185 214 8 
2015 267 
 
44.5 311 294 
 
49.1 344 49.4 49 1170 827 112 28.1 693 315 323 
2016 267 
 
47.6 314 300 
 
53.6 354 68.9 69 1379 1025 84 21.1 1316 352 675 
2017 267 
 
51.8 318 306 
 
59.5 366 91.0 91 1590 1224 63 15.8 2057 380 1055 
2018 200 
 
54.1 254 234 
 





















































































23.2 23 265.6 266 405 382 0 0.4 10124 21 3419 
               
NPV= 3419 
  
[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        61 
 
2. Fluid flow constraints 
2.1 Skin factor 
 Skin factor -2 
Table C34 Skin factor (skin factor -2) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.5 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1412 1057 84 21.1 1342 363 690 
2017 267 
 
53.0 320 306 
 
60.9 367 92.4 92 1645 1278 63 15.8 2115 397 1087 
2018 200 
 
55.3 255 234 
 





















































































20.8 21 284.7 285 364 343 0 0.4 11013 19 3703 
               
NPV= 3703 
  
62 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 Skin factor 2 
 
Table C35 Skin factor (skin factor 2) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.5 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -127 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 9 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 328 
2016 267 
 
48.3 315 300 
 
54.4 355 69.5 70 1409 1054 84 21.1 1341 362 689 
2017 267 
 
52.8 319 306 
 
60.6 367 92.2 92 1633 1266 63 15.8 2107 393 1082 
2018 200 
 
54.7 255 234 
 





















































































21.9 22 272.8 273 382 360 0 0.4 10450 20 3536 
               
NPV= 3536 
  
[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        63 
 
 Skin factor 5 
 
Table C36 Skin factor (skin factor 5) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.5 3 221 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -362 
2013 267 
 
31.5 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -127 157 -205 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 187 214 9 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 328 
2016 267 
 
48.1 315 300 
 
54.2 355 69.4 69 1400 1046 84 21.1 1336 359 686 
2017 267 
 
52.4 319 306 
 
60.2 367 91.9 92 1617 1250 63 15.8 2092 388 1075 
2018 200 
 
53.4 253 234 
 





















































































22.5 23 261.9 262 394 371 0 0.4 9959 21 3364 
               
NPV= 3364 
  
64 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 Skin factor 10 
 
Table C37 Skin factor (skin factor 10) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.5 3 221 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -362 
2013 267 
 
31.5 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -127 157 -205 
2014 267 
 
36.2 303 289 
 
39.2 328 32.5 32 825 497 150 37.4 186 214 8 
2015 267 
 
44.4 311 294 
 
49.0 343 49.4 49 1168 824 112 28.1 692 314 322 
2016 267 
 
47.6 314 300 
 
53.6 354 68.9 69 1378 1024 84 21.1 1314 352 674 
2017 267 
 
51.2 318 306 
 
58.9 365 90.6 91 1565 1200 63 15.8 2041 373 1047 
2018 200 
 
51.1 251 234 
 





















































































23.5 24 247.9 248 411 387 0 0.4 9326 21 3126 
               
NPV= 3126 
  
[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        65 
 
 Skin factor 20 
 
Table C38 Skin factor (skin factor 20) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.0 212 204 
 
12.3 216 3.4 3 214 -2 355 88.7 -472 31 -475 
2012 267 
 
24.5 291 277 
 
25.5 303 10.2 10 445 142 266 66.6 -360 93 -382 
2013 267 
 
30.4 297 283 
 
32.2 315 18.6 19 562 247 200 49.9 -192 126 -256 
2014 267 
 
33.8 300 289 
 
36.6 325 29.4 29 731 406 150 37.4 67 177 -79 
2015 267 
 
41.3 308 294 
 
45.6 340 44.5 44 1042 702 112 28.1 500 269 189 
2016 267 
 
44.8 311 300 
 
50.5 351 61.6 62 1208 857 84 21.1 1022 295 484 
2017 267 
 
46.2 313 306 
 
53.1 359 80.3 80 1344 985 63 15.8 1619 306 791 
2018 200 
 
45.7 246 234 
 





















































































23.8 24 226.5 227 415 391 0 0.4 8423 22 2663 
               
NPV= 2663 
  
66 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
2.2 Pipeline size 
 To gathering station 12” 
 
Table C39 Pipeline size (to gathering station 12”) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.5 70 1411 1057 84 21.1 1342 363 690 
2017 267 
 
50.8 318 306 
 
58.4 365 91.0 91 1547 1183 63 15.8 2058 367 1057 
2018 200 
 
49.8 250 234 
 





















































































24.0 24 275.0 275 418 394 0 0.4 10622 22 3479 




[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        67 
 
 To gathering station 11” 
 
Table C40 Pipeline size (to gathering station 11”) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Written 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.3 344 49.5 50 1179 835 112 28.1 699 318 327 
2016 267 
 
46.7 313 300 
 
52.6 353 67.8 68 1288 935 84 21.1 1268 321 648 
2017 267 
 
46.4 313 306 
 
53.3 360 85.9 86 1302 942 63 15.8 1840 293 941 
2018 200 
 
45.8 246 234 
 





















































































29.0 29 264.9 265 506 477 0 0.4 10242 26 3211 




68 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 To gathering station 10” 
 
Table C41 Pipeline size (to gathering station 10”) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.2 328 32.5 32 825 497 150 37.4 186 214 8 
2015 267 
 
41.5 308 294 
 
45.8 340 47.6 48 1048 707 112 28.1 621 270 279 
2016 267 
 
41.5 308 300 
 
46.7 347 62.8 63 1069 722 84 21.1 1063 249 528 
2017 267 
 
41.3 308 306 
 
47.4 354 77.8 78 1083 729 63 15.8 1507 228 756 
2018 200 
 
41.0 241 234 
 





















































































27.4 27 247.5 248 479 451 0 0.4 9506 25 2849 





[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        69 
 
 From each well 3.5” 
 
Table C42 Pipeline size (from each well 3.5”) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.4 293 277 
 
27.5 305 10.8 11 480 175 266 66.6 -337 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 630 314 200 49.9 -128 157 -206 
2014 267 
 
35.6 302 289 
 
38.5 327 32.1 32 800 473 150 37.4 171 204 -2 
2015 267 
 
42.9 310 294 
 
47.3 342 48.0 48 1104 763 112 28.1 639 291 289 
2016 267 
 
46.6 313 300 
 
52.5 353 67.0 67 1335 982 84 21.1 1237 337 626 
2017 267 
 
51.2 318 306 
 
58.8 365 88.7 89 1564 1199 63 15.8 1963 372 999 
2018 200 
 
53.7 254 234 
 





















































































21.7 22 277.9 278 379 357 0 0.4 10723 20 3561 





70 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 From each well 3” 
 
Table C43 Pipeline size (from each well 3”) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
9.8 210 204 
 
10.0 214 2.7 3 175 -39 355 88.7 -494 11 -495 
2012 267 
 
20.9 288 277 
 
21.7 299 8.6 9 380 80 266 66.6 -419 62 -433 
2013 267 
 
28.4 295 283 
 
30.1 313 16.5 16 526 212 200 49.9 -272 111 -322 
2014 267 
 
32.1 299 289 
 
34.8 323 26.3 26 669 345 150 37.4 -49 152 -171 
2015 267 
 
38.5 305 294 
 
42.5 337 39.8 40 930 593 112 28.1 317 228 57 
2016 267 
 
43.7 310 300 
 
49.2 349 56.2 56 1160 810 84 21.1 812 279 336 
2017 267 
 
47.5 314 306 
 
54.5 361 75.6 76 1399 1038 63 15.8 1441 323 659 
2018 200 
 
51.1 251 234 
 





















































































23.4 23 271.1 271 408 385 0 0.4 10553 21 3243 




[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        71 
 
 From each well 2.5” 
 
Table C44 Pipeline size (from each well 2.5”) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
6.8 207 204 
 
7.0 211 1.9 2 122 -89 355 88.7 -524 -16 -522 
2012 267 
 
14.5 281 277 
 
15.1 293 5.9 6 264 -29 266 66.6 -515 8 -515 
2013 267 
 
20.9 288 283 
 
22.2 305 11.8 12 387 82 200 49.9 -446 52 -463 
2014 267 
 
26.8 293 289 
 
29.0 318 19.2 19 507 189 150 37.4 -317 88 -375 
2015 267 
 
32.9 300 294 
 
36.3 331 29.5 30 712 381 112 28.1 -77 149 -226 
2016 267 
 
37.7 304 300 
 
42.5 343 42.5 43 917 575 84 21.1 276 199 -27 
2017 267 
 
42.4 309 306 
 
48.7 355 58.2 58 1131 776 63 15.8 748 242 215 
2018 200 
 
46.5 246 234 
 





















































































28.7 29 251.6 252 502 473 0 0.4 9845 26 2667 




72 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
3. Surface facility constraints 
3.1 Separator capacity 
 90% production rate 
Table C45 Separator capacity (90% production rate) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267 
 
52.9 320 306 
 
60.8 367 92.4 92 1640 1273 63 15.8 2113 395 1086 
2018 200 
 
54.2 254 234 
 





















































































22.8 23 277.6 278 397 374 0 0.4 10692 21 3584 




[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        73 
 
 80% production rate 
 
Table C46 Separator capacity (80% production rate) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267 
 
51.8 318 306 
 
59.5 366 91.7 92 1590 1224 63 15.8 2084 380 1071 
2018 200 
 
50.6 251 234 
 





















































































24.9 25 272.5 273 435 410 0 0.4 10506 23 3451 




74 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 70% production rate 
 
Table C47 Separator capacity (70% production rate) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
47.4 314 300 
 
53.3 354 68.9 69 1367 1013 84 21.1 1316 348 675 
2017 267 
 
47.6 314 306 
 
54.7 361 88.4 88 1406 1045 63 15.8 1949 325 1000 
2018 200 
 
46.6 247 234 
 





















































































27.1 27 262.9 263 472 445 0 0.4 10099 25 3253 




[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        75 
 
3.2 Water handling capacity 
 90% water production rate 
 
Table C48 Water handling capacity (90% production rate) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267 
 
52.9 320 306 
 
60.8 367 92.4 92 1640 1273 63 15.8 2113 395 1086 
2018 200 
 
55.2 255 234 
 





















































































21.9 22 278.8 279 382 360 0 0.4 10726 20 3631 
               
NPV= 3631 
 
76 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 80% water production rate 
 
Table C49 Water handling capacity (80% production rate) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267 
 
52.9 320 306 
 
60.8 367 92.4 92 1640 1273 63 15.8 2113 395 1086 
2018 200 
 
55.2 255 234 
 





















































































23.8 24 276.6 277 415 391 0 0.4 10624 22 3604 




[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        77 
 
 70% water production rate 
 
Table C50 Water handling capacity (70% production rate) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267 
 
52.9 320 306 
 
60.8 367 92.4 92 1640 1273 63 15.8 2113 395 1086 
2018 200 
 
55.2 255 234 
 





















































































22.8 23 270.8 271 398 376 0 0.4 10330 21 3549 





78 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 90% water production rate (shutting in the worst well) 
 
Table C51 Water handling capacity (90% production rate-shutting in the worst well ) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267 
 
52.9 320 306 
 
60.8 367 92.4 92 1640 1273 63 15.8 2113 395 1086 
2018 200 
 
55.2 255 234 
 





















































































21.4 21 278.9 279 374 353 0 0.4 10730 20 3634 




[The impacts of wellbore and surface facility constraints on production prediction in reservoir model]        79 
 
 80% water production rate (shutting in the worst well) 
 
Table C52 Water handling capacity (80% production rate-shutting in the worst well ) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267 
 
52.9 320 306 
 
60.8 367 92.4 92 1640 1273 63 15.8 2113 395 1086 
2018 200 
 
55.2 255 234 
 





















































































21.7 22 278.0 278 379 358 0 0.4 10685 20 3624 




80 [The impacts of wellbore and surface facility constraints on production prediction in reservoir model] 
 
 70% water production rate (shutting in the worst well) 
 
Table C53 Water handling capacity (70% production rate-shutting in the worst well ) 
     
COSTS  £ MILLION 
    
BEFORE 
   
PRESENT CUM 
 
COSTS  £ MILLION REAL NOMINAL 
    
TAX 
   
VALUE NET 
        
TOTAL MMBbl MMBbl GROSS CASH Writen 
 
CUM £M nom PRES. 
YEAR Prodn. Platf./ Oper. TOTAL Prodn. Platf./ Oper. COSTS Annual Cum REVENUE FLOW Down TAX CASH @ VALUE 
 
Wells Facil. Costs COSTS Wells Facil. Costs £M nom Prodn Prodn. £M nom £M nom Value DEPN FLOW 10% 10% 
2010 133 473 0.0 607 133 473.33 0.0 607 0.0 0 0 -607 473 118.3 -506 -506 -506 
2011 200 
 
12.4 212 204 
 
12.6 217 3.4 3 220 4 355 88.7 -468 34 -472 
2012 267 
 
26.5 293 277 
 
27.5 305 10.8 11 481 176 266 66.6 -336 109 -363 
2013 267 
 
31.4 298 283 
 
33.4 316 20.3 20 631 315 200 49.9 -128 157 -206 
2014 267 
 
36.3 303 289 
 
39.3 328 32.5 32 826 498 150 37.4 186 214 8 
2015 267 
 
44.7 311 294 
 
49.4 344 49.6 50 1181 837 112 28.1 700 319 327 
2016 267 
 
48.4 315 300 
 
54.5 355 69.6 70 1413 1058 84 21.1 1343 363 690 
2017 267 
 
52.9 320 306 
 
60.8 367 92.4 92 1640 1273 63 15.8 2113 395 1086 
2018 200 
 
55.2 255 234 
 





















































































21.6 22 275.5 276 377 355 0 0.4 10560 20 3600 
               
NPV= 3600 
 
  
 
